Abstract. It is shown that, when a supernova of type IIP explodes inside a sufficiently dense and extended circumstellar envelope, the interaction of the shock wave with the matter of the envelope determines the photometric characteristics of the "photospheric" stage of the outburst. For the definite phase of this stage, when a thermal wave ahead of the shock is absent, the luminosity and the color index are calculated in a simple way. The results are in good agreement with the numerical models of supernovae.
It is now evident that, in many cases, before a supernova (SN) explosion the progenitor star was surrounded by an extended circumstellar envelope (CSE). The presence of such CSE is detected from details of the spectra, by X-ray and radioemission (see, for example, Cañizares et al. 1982 , Lundqvist and Fransson 1988 , Weiler et al. 1989 , Chugai 1990 . It is accepted that such CSE was created by the stellar wind or "superwind" at late stages of stellar evolution, and the density distribution in CSE is
where C p depends on the mass-loss rate M and the wind velocity u w . In the investigated SN, C p = 10 13 -10 16 g/cm. These values are in agreement with M and u w of cool giants and supergiants, which are considered as progenitors for the most supernovae of type II with plateau (SN IIP). Usually the interaction of the shock wave and CSE matter is studied for the late epoch of the outburst, the "nebular" stage (t> 100 d ). In some cases this interaction has an influence on the bolometric luminosity at the "nebular" stage (Chugai 1992) . However, if the CSE is sufficiently dense, then it can have influence on photometric characteristics of SN at the early "photospheric" stage. There is evidence that in some cases the massloss rate significantly increases shortly before the explosion (Dopita et al. 1984) . By hydrodynamical modeling of the SN IIP explosions, Grasberg and Nadyozhin (1987) obtained that the CSE with C p = 10 16 -10 17 g /cm can increase the luminosity in V and B passbands by 1 -2 mag. In this article it will be shown that the photometric characteristics (luminosity and color index) of SN with a sufficiently dense CSE for a definite phase of the "photospheric" stage can be obtained by a simple method.
Let us briefly recall some results of the numerical models (Grasberg et al. 1971 , Grasberg and Nadyozhin 1987 , 1991 of shock wave propagation in the extended outer layers of a massive presupernova of the type IIP and in the CSE. In the outer regions of the star and further in the CSE, due to intensive radiative energy losses from the shock, the geometrically thin and dense shell is being formed behind the shock front (behind the jump of density). The optical depth of this shell is very large (several orders of a magnitude in the numerical calculations). Considering the position of the photosphere i? p h and the position of the shock front R s h, one can distinguish three phases:
(1) Phase A: R v h > i2 s h-The shock front is shaded by the layers of CSE with the optical depth r > 1. At the beginning R v h increases with time, correspondingly to propagation of the thermal wave in front of the density jump, R p h being close to the front edge of the thermal wave. Further the photosphere reaches the maximum possible radius il™ h for a given CSE (Grasberg and Nadyozhin 1987, 1991) and then "stops" for some time: i? p h ~ il™ h ~ const.
(2) Phase B: i? p h « Rsh• The thermal wave vanishes and CSE layers become optically thin above the shock front. The photosphere lies now behind the density jump in the dense shell and is "sticking" in it because of a very large optical depth of the shell. The relation Rph ~ -Rsh is valid because of a small geometrical thickness of the shell.
(3) Phase C: R p h < i? s h-Because of shell cooling and recombination of electrons, the dense shell becomes transparent for radiation and the photosphere sinks gradually into deeper regions of the SN envelope, which will be thrown away by the explosion.
In phase A, the energy of radiation from the shock partly lays out for heating and ionization of the outer layers of CSE and partly goes away to "infinity". In phase B, the optical depth of the outer layers of CSE is r <C 1, and the whole radiation practically leaves the star. In this phase, radiation from the shock front determines the luminosity of a SN. The radiated energy is almost equal to the kinetic energy of interaction of the shock wave with the CSE matter. This will be shown by a method which is not quite exact, but is still sufficient for our purposes. We can compare the expression for the radiative flux from the shock with the results of the hydrodynamical models. Let us consider the shock wave as a discontinuity (suppose the density jump as infinitely thin). From the conditions of the continuity for the mass, impulse and energy flows, formulae connecting the pressure P, specific energy E, radiative flux 5 and density p on both sides of the discontinuity can be obtained:
The subscript "0" refers to the values immediately in front of the jump (to the CSE), the subscript "1" refers to the values immediately behind the jump (to the dense shell). Here 77 = po/pi, 8 = P1/P0, AE = Ei -EQ and AS = Si -So. The shock velocity relatively to the CSE matter is D = Kh -^o, where Kh = dRg^/dt is the shock velocity in space and UQ is the velocity of the matter immediately in front of the jump.
Let us consider the flux So as a function of AE and rj. In the dense shell with a very large optical depth, the absorption prevails over the scattering. Then in the shell, we can suppose thermodynamical equilibrium between the gas and the radiation, and for the specific energy one can write
where /3\ is the ratio of the gas pressure to the total pressure (0 < /?i < 1) and EN is the ionization energy per g. If E0T and EOI are the specific thermal and specific ionization energies in front of the shock (in the CSE), then ). Neglecting the small terms in (6), we obtain q as a function of rj and only. Naturally, this function is valid only for r/ < r/i = 1/(7 -3/?i), i.e. the limit value for the adiabatic shock waves. In the numerical hydrodynamical models, owing to losses of energy by radiation, the jump of density exceeds two orders. So, 77 <C 1 and for all values of /?i, q fa 1.
The radiation flux S1 falls onto the discontinuity from the inner regions of the SN ejecta. To obtain Si and its changes with time, generally speaking, it is necessary to compute the radiation transfer through the dense shell. From the numerical models we know, that the optical depth of the shell r s very large (of the order of hundreds of units) till the end of phase B. But when r s > c/D, then the shell shades the hot inner regions (Grasberg et al. 1971, Grasberg and Nadyozhin 1987) . So it may occur that the condition S -C 5 s h takes place and then the kinetic energy of the interaction between the shock and the gas of the CSE determines the luminosity of SN in phase B. The numerical models show that a sufficiently dense CSE can increase the luminosity of SN by several magnitudes and confirm this condition. So, when the distributions po (r,t) and uo (r,t) in the CSE as well as the function R s h(t) are known, we can calculate the bolometric light 
Here R(t) = i2sh(0 ~ -Rph(0> because in this phase the photosphere lies inside the thin dense shell. Writing now and assuming the Planckian spectrum, one can calculate the light curve for a definite spectral passband. Let us compare the light curves calculated by means of (7) - (8) with the results of the hydrodynamical models by Grasberg and Nadyozhin (1987) . The retardation of the shock wave in the CSE used in the models was very small during phase B (see Fig. 3 in Grasberg and Nadyozhin 1987) . So, D = T4h « const. The most prolonged phase B was in model 5 and it was continuing within 10 < t < 38 days. In this model, C p = 5.7 • 10 15 g/cm and V sh ta 4.7 • 10 8 cm/s. The monochromatic light curve at A = 0.55 /i (which corresponds to the effective wavelength of the passband V") calculated by (7) -(9) and the V light curve from the models are compared in Fig. 1 . The coincidence of the approximate and model light curves is very good for the time interval of phase B. In Fig. 1 , the light curves for model 4 with denser CSE (C p = 1.14 • 10 16 g/cm) are also compared. In this case, phase B continued within 20 < t < 37 days and within this time interval the coincidence of the light curves is also good. As one can see in Fig. 2 , the approximate color index B -V is very close to the model results in phase B.
In both models 4 and 5, after t > 37 -38 days the dense shell becomes transparent and the photosphere sinks in deeper layers of the ejecta. But during phase C the situation is different in these models because of different radius Re of the CSE. In model 4 with R e = 2 • 10 4 i?©, the end of phase B accidentally coincides with the moment when the shock reaches the edge of the CSE. The shock wave vanishes and after that (in phase C) the luminosity is determined only by the radiation from the inner regions of SN ejecta. As a result, a drop ~ 1.2 mag appears on the model light curve. In model 5, the CSE radius is two times larger (R e = 4-10 4 iZ©) and, contrary to model 4, the shock wave does not vanish in phase C. Moreover, the interaction of the shock with the CSE matter remains a dominant source of luminosity as before. Naturally, since in this case the optically thin shell lies behind the density jump and R p h < R s h, the circumstances of the energy radiation from the shock differ from those in phase B. In spite of this, if we calculate the light curve in the old way by (7) - (9) with R = R s h, then, as it is seen in Fig. 1 , the approximate luminosity and the "precise" luminosity differ not more than 0.2 -0.3 mag till the end of phase C when the photosphere recedes. We can draw a conclusion that the proposed simple method for calculation of the approximate light curve is quite good for phase C, too, if a sufficiently extended CSE is present and if the shock wave does not vanish in this phase. If in model 4 radius R e were larger, similar to that in model 5, then the light curve in this model would be close to the dashed line in Fig. 1 . However, contrary to estimation of the luminosity, the proposed method cannot be applied for obtaining the color index in phase C. As it is seen in Fig. 2 , the approximate color index curves, calculated by (7) - (9), considerably diverge from the curves of the numerical models.
Generally speaking, in phase A, when the shock front is shaded by the optically thick thermal wave, the hydrodynamical models with radiative transfer are needed. Nevertheless, one can obtain a satisfactory estimation of the luminosity and the color index in this phase, too. As follows from the models, after the appearance of the nonstationary thermal wave, the shock wave transforms from the adiabatic to the isothermal one (Grasberg et al. 1971, Grasberg and Nadyozhin 1987) . The density jump increases by several orders and the flux of radiation ahead of the front can be expressed by (8). As is mentioned above, the energy of the radiation goes partly for heating and ionization of the CSE gas in the thermal wave and partly leaves the star. Let us suppose now, that when the photosphere reaches the maximum value of and "stops", a quasistationary regime is settled, and the energy radiated from the photosphere is almost equal to the energy radiated from the shock. Let us assume R = _ const i n (7) an( i R = R sh ¡ n (8). In Figs. 1 and 2 the dotted lines correspond to the approximate calculations for phase A with R™ h for the numerical models of Grasberg and Nadyozhin (1987) . For C p > 10 17 g/cm, ii™ h can be easily obtained by the condition J R Z K,(r)p(r)dr = 1, where R e is the radius of the CSE and ph /c(r) = k s is the opacity for the completely ionized gas. In the CSE of lower density, the real R™^ is smaller than that obtained from this condition. In this case, a. special investigation of thermal wave existence and propagation in a nonuniform CSE is needed. From the observations, the beginning of phase B can be established by changes in time of the angular dimension of the photosphere, tfph. Phase B follows after a temporary "stop", i.e., t?ph ~ const, when R p h ~ After this, i9 p h increases approximately linearly till the end of phase B. The duration of phase A depends on the structure of the progenitor and the CSE and on the energy of the explosion. It may be relatively short and thus not detected in the observations. So, for example, in the case of SN 1983K, phase A must be shorter than ~ 10 days (Grasberg 1993 ). An investigation of the peculiarities of this SN shows that in this case the CSE structure was different from (1). Most likely, the CSE around the presupernova of SN 1983K was formed not by the stationary massloss process, as a stellar wind, but by an eruptive process shortly before the explosion (Grasberg 1993) .
